The sensitivity of ovine choroid plexus cells to the antiviral effects of the three major types of human and other animal interferons (IFNs) was tested. Ovine cells were found to be highly sensitive to the antiviral effects of natural human IFN-~ and IFN-/~ but not IFN-7. In addition, ovine cells were highly sensitive to recombinant DNA-derived human IFN-~2, IFN-/~I and IFN-% Furthermore, ovine cells were more sensitive (P < 0.01) to human INF-ccs than human fibroblasts (trisomic or disomic for chromosome 21) or bovine cells. Moreover, ovine cells were found to be highly sensitive to the three natural types of bovine, caprine, equine and porcine IFN preparations and relatively insensitive to mouse L-ceU IFN.
Interferons (IFNs) are a group of proteins produced by vertebrate cells in response to various inducers. There are three major types of IFNs, which are distinguished by their cellular origin, method of induction and physicochemical and serological properties (Interferon Nomenclature, 1980) . IFN-alpha (IFN-~) is primarily produced by leukocytes, usually in response to stimulation by viruses or double-stranded RNA. IFN-beta (IFN-fl) is primarily produced by fibroblasts and epithelial cells in response to stimulation by the same inducers. IFN-gamma (IFN-7) is produced by T-lymphocytes in response to stimulation by specific antigens or non-specific mitogens. The IFNs have extensive antiviral, antiproliferative and immunoregulatory activities (Stewart, 1979) . Their antiviral activities are often measured using a suitable homologous cell line that is highly sensitive to both the IFN being tested and to the challenge virus (Rubinstein et al., 1981; Stewart, 1979) . However, there are some exceptions; human IFN-~ is usually more active on bovine cells than on human cells (Gresser et al., 1974) . In addition, different species of IFN-~ show different ratios of activity (Weck et al., 1981) . The host or species specificity of IFNs is in part determined by specific receptors on cell membranes (Sakguchi et al., 1982) , and the gene responsible for the sensitivity of human cells to the antiviral effects of IFNs has been localized to chromosome 21 (Epstein & Epstein, 1976) . Furthermore, cells derived from patients with Down's syndrome (trisomic for chromosome 21) are two-to tenfold more sensitive to human IFNs than normal cells. Thus, trisomic cells are frequently employed to assay the antiviral activities of human IFNs (Epstein & Epstein, 1976) . Here I describe an ovine choroid plexus cell line which is highly sensitive to the antiviral effects of various types of human and other animal IFN preparations.
Cells used in this study were ovine choroid plexus, human dermal fibroblasts trisomic for chromosome 21 (GM2767), human dermal fibroblasts disomic for chromosome 21 (FS7 and HF81-37), human amnion (WISH), bovine turbinate, caprine synovial membrane, equine dermal, porcine kidney (PK15) and mouse L-929 cells. All cells were propagated in modified Dulbecco's minimum essential medium, supplemented with 10~ foetal calf serum and antibiotics. The ovine choroid plexus cell line can be considered as an established cell line, since it has been subcultured more than 120 times and has undergone 300 cell generations (Torchio & Trowbridge, 1977) .
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II IFN-# obtained from NIH or Washington State University (WSU) was produced in polyriboinosinic.polyribocytidylic acid [poly(rI)-poly(rC)]-induced human dermal fibroblast cells.
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The type and source of most of the IFNs used in the study, the method of production and the cells used in their assay are presented in Tables 1 and 2 . Additional IFN preparations used in this study included natural human IFN-y as well as mouse L-cell IFN, induced with Newcastle disease virus in mouse L-929 cells. The antiviral activity of all IFNs was tested against the cytopathic effect (c.p.e.) of vesicular stomatitis virus (VSV) or encephalomyocarditis virus (EMCV) as previously described (Rubinstein et al., 1981 ; Stewart 1979) . Briefly, each well of a 96-well microtitre plate was seeded with 2 x 104 cells which were allowed to form a monolayer. The minimum dose of VSV or EMCV that gave a 100~o c.p.e, for each cell type was determined. The IFN units are expressed as the reciprocal of the dilution of sample that gave 50~ protection against the c.p.e, of the appropriate dose of VSV or EMCV for the given cell type. All human IFN-cts and IFN-#s are expressed in reference units in comparison with National Institutes of Health (NIH) standards for leukocyte IFN (G023-901-527) and fibroblast IFN (G023-902-527) respectively. No standard IFNs were available for comparison with the recombinant DNAderived human IFN-y or the other animal IFNs used in this study. The human IFN-y titres obtained in this study were approximately equivalent to those titres provided by the laboratories of origin. All data were analysed using the Wilcoxon two-sample test for the unpaired case.
The sensitivity of ovine choroid plexus cells to the antiviral effects of human IFNs was compared with that of human or bovine cells. Ovine cells were highly sensitive to natural IFN-c~ and IFN-fl and to recombinant DNA-derived IFN-~E, IFN-fll and IFN-y preparations. In addition, both natural and recombinant DNA-derived human IFN-~ preparations had significantly higher titres (P < 0-01) on ovine cells than on human (GM2767 and FS7) or bovine ceils (Table 1) . However, a natural human IFN-y preparation obtained from Dr J. Vil6ek had an antiviral activity of 1590 units/ml against VSV on WISH cells but showed no detectable activity on ovine cells. Similarly, a natural, human IFN-y preparation obtained from Dr J. Georgiades had antiviral activities of 760 and 2170 units/ml against EMCV on WISH and HF81-37 ceils respectively, but showed no detectable activity on ovine cells. Furthermore, ovine cells were highly sensitive to the antiviral effects of all three types of natural IFN preparations of bovine, caprine, equine and porcine origins. Moreover, ovine cells were more sensitive (P < 0.01) to bovine IFNs (c~, fl and ~), to equine IFN-0~ and to porcine IFN ~ and ~) than the respective homologous cells (Table 2) . A mouse L-cell IFN preparation with an antiviral activity of 8170 units/ml against VSV on mouse L-929 cells showed 60 units/ml activity on ovine cells.
This study demonstrated the wide range of sensitivity of the ovine choroid plexus cell line to the antiviral effects of human and other animal IFN preparations. Of those preparations tested, ovine cells were found to be relatively insensitive only to natural human IFN-y and mouse L-cell IFN. However, ovine cells were highly sensitive to recombinant DNA-derived human IFN-~ produced in monkey cells (Gray et al., 1982) . Similar variation in the relative sensitivity of mammalian cells to the antiviral effects of five recombinant DNA-derived, human IFN-~ subtypes and natural human IFN-~ preparation has been demonstrated (Weck et al., 1981) .
It is known that efficient binding of IFNs to ceils alone is not sufficient for the induction of the antiviral state, since some IFNs that show significant binding fail to exert their biological activities (Sakguchi et al., 1982) . Therefore, ovine choroid plexus cells may be useful for comparative studies with other cell lines that have limited sensitivity to the antiviral effects of heterologous IFNs. In addition, they may be useful in the detection of low levels of IFN-c~s of human and other animals since ovine cells often exhibit higher sensitivity to these IFNs than homologous cells.
